Introduction
The brain is the control centre of the vital activities that are necessary for survival. It receives sensory impulses from the sensory organs through the spinal cord and cranial nerves, processes these impulses and initiates motor outputs to effector organs. Thus, the brain is the organ that is specialised in coordinating activities in relation to changes in the internal and external environments.
The adult brain is divided into the forebrain (telencephalon and diencephalon), midbrain (mesencephalon) and hindbrain (metencephalon and myelencephalon). The brain can also be divided into the cerebrum, cerebellum and brainstem. The cerebrum attaches to the brainstem by the cerebral peduncles, while the cerebellum attaches to the brainstem by the cerebellar peduncles. The cerebrum is the main constituent of the telencephalon, while the thalamus, epithalamus, metathalamus and hypothalamus make up the diencephalon (Delahunta & Glass 2009 ). The metencephalon is made up of the cerebellum and the pons, also called pons Varolii after Costanzo Varolio (1543 -1575 , the Italian anatomist who discovered it (Tubbs et al. 2008) . The myelencephalon is composed of the medulla oblongata and caudal portion of the fourth ventricle (Darly 1965; Wingerd 1988 ). The cerebrospinal fluid, which provides mechanical protection and nourishment to the brain, circulates through the two lateral ventricles in the telencephalon, the third ventricle in the diencephalon and the fourth ventricle in the hindbrain.
The macroscopic appearance of the brain differs in mammals, depending on their different adaptations and lifestyles. For example, animals that lack brachiation as a mode of locomotion, such as members of the order Artiodactyla, lack a visible olivary body (Adogwa 1985; Ghaji 1983; Marsden & Rowland 1965) .
The African giant pouched rat (Cricetomys gambianus Waterhouse, 1840) has been successfully used to detect land mines in Mozambique (Mott 2004 ) and diagnose tuberculosis in Europe (Maggie 2003) . It is able to do this because of its high acuity of olfaction, which is a function of the rhinencephalon. Also, the poor sense of sight of the rodent, which is a reason for its nocturnal behaviour, has been attributed to the small rostral colliculi, relative to the caudal colliculi (Ibe et al. 2010) . There is lack of information on the functional morphology of the brain of the African giant pouched rat. Therefore, the aim of this research was to study the gross morphology of the brain of the African giant pouched rat and propose some of its morphofunctional paradigms.
Materials and methods

Experimental animals and management
Twenty-nine captive and clinically healthy adult African giant pouched rats were used for this study. The animals were captured live from the wild in Kaduna State, Nigeria, using locally made traps. The traps were made of galvanised metal and were 1.3 m x 0.3 m x 0.1 m in dimension. The rats were transported by road in laboratory cages to the animal pen of the Department of Veterinary Anatomy, Ahmadu Bello University, Zaria; they were acclimatised for one month before the commencement of the experiment. During this period, they were physically examined in the cage under careful restraint. Only healthy rats were utilised for this study. The animals were given access to food and drinking water ad libitum throughout the experimental period.
Brain extraction and gross morphological assessment
The body weight of each rat was obtained using a digital electronic balance (Citizen Scales [1] PVT Ltd., Switzerland), with a sensitivity of 0.01 g. Immediately after chloroform euthanasia in a closed container, physiologic saline solution was used to perfuse the brain through the common carotid artery, in order to flush the brain free of blood. This procedure was immediately followed by perfusion of the brain with 10% phosphate-buffered formalin. Each skull was exposed after skinning and stripping off all the facial muscles within 30 minutes of euthanasia. Craniotomy, through the calvaria, exposed the dura mater, which was cut with a pair of curved pointed scissors. The falx cerebri and tentorium cerebelli were both pulled from the longitudinal and transverse fissures of the brain, respectively, by gentle traction. The cerebral vein was cut with a pair of sharp scissors. At this stage, the brain (still within the cranium) was fixed in 10% phosphatebuffered formalin for three days; this was done to facilitate its easy extraction according to the method of Ramaswamy (1978) (using delicate rongeurs, spatulas, forceps and scissors). The extracted brain was then examined and found to be devoid of any macroscopic pathology. The structural characteristics of the different components of the brain were examined with the naked eye. These included their shape, size, surfaces, borders and angles. The presence or absence of sulci, fissures or prominences was also evaluated. Finally, the projections of the different cranial nerves from the myelencephalon were observed with both the naked eye and with the aid of a hand lens. Definitions of gross anatomical structures were based on standard information on rodent anatomy (Parker & Haswell 1974; Olds & Olds 1979; Suckow, Weisbroth & Franklin 2006) . Nomina Anatomica Veterinaria (2005) was used for the nomenclature.
Results
The gross anatomical features observed in the present study were consistent in all brain samples that were dissected.
Telencephalon
On a dorsal view of the intact brain (Figure 1 ), the two cerebral hemispheres or neocortex were distinctly divided by a longitudinal fissure and separated from the cerebellum by a transverse fissure. Each neocortex was large, diamondshaped, narrow rostrally and wider caudally. It was devoid of prominent gyri and sulci; however, the bulging of the frontal lobe was evident. The olfactory bulbs were also very prominent and visible from the dorsal view. They were roughly pyramidal in shape.
On a ventral view (Figure 2) , the large olfactory bulbs and tracts relaying impulses to the olfactory cortex were evident. The olfactory nerve fibres, which were rostral to the bulbs, could not be accessed due to their position in the cribriform plate of the ethmoid bones. The large size of the olfactory bulbs was of interest, owing to their importance in the sense of smell of the rodent. The olfactory bulbs gave off the medial, lateral and middle olfactory tracts that conveyed sensory impulses to the olfactory cortex ( 
Diencephalon
On a dorsal view of the brainstem, the medial surface of the thalamus formed the lateral boundary of the third ventricle ( Figure 3 : B and C). Caudal to the thalamus and lateral to the rostral colliculus was a small protuberance, the lateral geniculate body. The caudal border of the thalamus was wider than the rostral border, thus overlapping the rostral colliculus and occluding the lateral geniculate body from the dorsal view of the brainstem (Figure 3 ). The rostral colliculus was continuous with the lateral geniculate body through its brachium. Below the lateral geniculate body and lateral to the caudal colliculus was the medial geniculate body (Figure 3 : F). The caudal colliculus was also continuous bilaterally with the medial geniculate body through its brachium. However, the brachia were not clearly visible. The lateral geniculate body was apparently more distinct than the medial geniculate body. The geniculate bodies made up the metathalamus of the diencephalon. The pineal gland (part of the epithalamus) was very small in the African giant pouched rat.
Ventrally (Figure 2 ), the paired optic nerves (cranial nerve [CN] II) united at the optic chiasma and gave off optic tracts that ran on the rostral boarder of the tuber cinerium. They were the fourth largest diameter cranial nerve after the trigeminal nerve (CN V), facial nerve (CN VII) and olfactory nerve (CN I) in all of the dissected animals. The oculomotor nerve (CN III) and trochlear nerve (CN IV) were lost during dissection due to their minute size. The mamillary bodies (Figure 2: L) were relatively large, interposed between the pyriform lobes laterally, related to the optic chiasma rostrally, and separated from the pons by the cerebral peduncle and the mesencephalon in its caudal portion.
Mesencephalon
Dorsally, the mesencephalon separated the third ventricle from the fourth ventricle (Figure 3) , while ventrally it extended from the caudal portion of the mamillary body to the most rostral part of the pons (Figure 2) . The mesencephalic aqueduct passed through the midbrain and connected the third ventricle cranially to the fourth ventricle caudally. The mesencephalic tectum formed the roof of the mesencephalon. It was composed of the corpora quadrigemina. Rostral to the corpora quadrigemina was the third ventricle and caudal to the corpora quadrigemina was the fourth ventricle ( Figure 3) . The eminence of the corpora quadrigemina was composed of a pair of rostral colliculi and a pair of caudal colliculi (Figure 3: D and E); a transverse fissure separated both. A longitudinal fissure separated each pair of colliculi. The caudal colliculi were oval in shape, while the rostral colliculi were conical. The caudal colliculi were visibly bigger than the rostral colliculi. On the dorsal view of the intact brain, the caudal colliculi were visible through the transverse fissure (Figure 1:  D) , which was suggestive of their large size relative to the rostral colliculi.
On sagittal view of the brain (Figure 4 ) the corpus callosum was well developed, broad and sickle-shaped; it was well delineated into the rostrum, genu, truncus and splenium (Figure 4: D, E, F and G) . Also, on this view the rostral colliculi and the rostral part of the caudal colliculi were covered by the cerebral cortex, while the transverse cerebral fissure exposed the caudal half of the caudal colliculi. The commissural fibres of the colliculi were not prominent. This view also showed that the rostral colliculi were smaller than the caudal colliculi ( 
Metencephalon
On dorsal view of the intact brain (Figure 1) , the cerebellum was very distinct and secondary to the cerebrum in size. The cerebellar hemisphere was highly coiled with a distinct unpaired vermis; the paired flocculus, with its lateral accessory part, the paraflocculus, was also paired (Figure 1 : H, G and F). This depicted a well-developed cerebellum. The arbor vitae, which constitutes the white matter component of the cerebellar folia, was distinct (Figure 4: a) . The vermis was the largest cerebellar lobe, while the flocculus was larger than the paraflocculus. On this view, the cerebellum completely covered the fourth ventricle, forming the roof of the ventricle, thus rendering it invisible. On a sagittal view of the vermis (Figure 4: T) , the rostral lobe was divided by fissures into the following lobules: the lingula (Figure 4: 
Myelencephalon
The myelencephalon extended from the point of the nuchal flexure, which is caudal to the pyramidal decussation, to the pontomedullary junction. These were the convenient landmarks for isolating the myelencephalon. The central canal of the spinal cord continued rostrally to the medulla oblongata. In the upper half of the myelencephalon, it continued dorsally as the cavity of the fourth ventricle. The myelencephalon was conical in shape, its broad extremity being directed rostrally; it was compressed dorsoventrally. Its ventral surface rested on the basilar portion of the occipital bone, while the dorsal surface was partly covered by the cerebellum. It created an impression on the occipital bone.
On dorsal view, the most medial part of the myelencephalon was the dorsal median sulcus, which was faintly visible (Figure 1: J) . The dorsal median sulcus continued on the floor of the fourth ventricle, where it was more visible than in the closed part of the myelencephalon. It divided the myelencephalon into symmetrical halves. In the medulla oblongata, on either side of the dorsal median sulcus the gracile fasciculus was faintly visible. The cuneate fasciculus, the dorsal intermediate sulcus, the lateral funiculus and the dorsal lateral sulcus were not macroscopically visible. Rostral to the gracile fasciculus and directly caudal to the obex was the tubercle of gracile nucleus. This tubercle contributed to the caudal border of the floor of the fourth ventricle. The tubercle of the cuneate nucleus was not prominent. The obex (Figure 3 : K) marked the end of the fourth ventricle and the beginning of the central canal. Rostral to the obex was the rhomboid fossa, which was separated into two equal halves by the dorsal median sulcus. The rhomboid fossa, which formed the floor of the fourth ventricle, tapered into the calamus scriptorius rostrally and closed into the central canal at the obex caudally. It was bounded laterally by an inconspicuous sulcus limitans. However, at its greatest width, it extended laterally as the canalis comminicans into the lateral recess. A convex prominence, corresponding to the underlying vestibular nucleus, was evident between the sulcus limitans medially and the medial cerebellar peduncles laterally. The hypoglossal trigone and vagal trigone were not visible.
On ventral view, the most rostral part of the myelencephalon was the prominent trapezoid body (Figure 2 : P). The most medial part was the ventral median fissure (Figure 2: V) . On either side of the ventral median fissure was the prominent pyramid (Figure 2 : W). The olivary prominence was situated lateral to each of the pyramids, from which it was separated by the ventral lateral sulcus. The deep ventral lateral sulcus was indicative of the prominent pyramids. The olivary prominence was also distinct (Figure 2: R) . Between the rostral end of this prominence and the trapezoid body, there was a slight depression, corresponding to the preolivary sulcus. Caudal to the olivary prominence was the post-olivary sulcus. The rootlets of nerves that emerged from these sulci were lost during dissection, thus, could not be evaluated. Rostrally, the pyramids ended at the pontomedullary junction. The basal pons served as the landmark for identifying the pontomedullary junction. The transverse bundle of fibres that made up the trapezoid body was parallel to the pons and was immediately caudal to it. Caudally, the medulla oblongata could be differentiated from the spinal cord by the prominent transverse depression caudal to the pyramidal decussation at the level of the foramen magnum.
Ethical considerations
The procedure for the research project was approved by the Ethical Committee of Ahmadu Bello University, Zaria, Nigeria. The housing and management of the animals were in accordance with that stated in the Guide for the Care and Use of Laboratory Animals, 8th edition, National Research Council, USA, downloaded from the National Academic Press, Washington D.C. (http://www.nap.edu/).
Discussion
In the present study, apart from the frontal lobe, the cerebral hemisphere in the African giant pouched rat lacked prominent gyri and sulci. The absence of prominent neocortical sulci placed the African giant pouched rat brain in the lissencephalic group. A similar lissencephalic brain has been reported in some sciuromorphs and myomorphs by Pilleri, Gihr and Kraus (1984) and in hystricomorphs by Dozo, Vucetich and Candela (2004) . The African giant pouched rat has a large diamond-shaped neocortex, as recorded in the present study. Nzalak et al. (2008) recorded a neocortex ratio (relative neocortex weight) of 66% in this rodent. This value is within the range of neocortex ratios for primates, as stipulated by Dunbar (1996) who also stated that the neocortex ratio might serve as a measure of cognitive function in animals. This implies that the sense of reasoning and intelligence may be high in the African giant pouched rat, as is found in some primates.
Well-developed olfactory bulbs were observed in the present study; they were visible from the dorsal view of the intact brain, although they are structures located on the ventral surface of the brain. The conspicuous olfactory bulbs observed in the present study agreed with the findings of Nzalak et al. (2008) . In some mammals, such as elephants (Shoshani, Kupsky & Marchant 2006) , the olfactory bulbs are small and therefore not visible from the dorsal view of intact brain; while in other mammals, such as whales (Marino et al. 2003) , olfactory structures are absent. According to the morphometric analysis reported by Nzalak et al. (2008) , the olfactory bulbs of the adult African giant pouched rat are longer than those of the adult African grasscutter (Thryonomys swinderianus). Rombaux et al. (2006) emphasised that the size of the olfactory bulb is a good indication of the acuity of olfaction in an individual. This may be one of the reasons why the African giant pouched rat is used to detect landmines and diagnose tuberculosis by odour perception. The rodent may also rely heavily on its olfaction, since the sense of sight is poorly developed (Morris 1963; Ajayi 1975; Smithers 1985; Ibe et al. 2010 ).
The present study shows that the caudal colliculi are macroscopically bigger than the rostral colliculi in the African giant pouched rat. Ibe et al. (2010) showed that the difference in height as well as in diameter of the colliculi in the African giant pouched rat was very highly significant (p < 0.001); the caudal colliculi is wider and higher than the rostral colliculi.
The rostral colliculi are bigger than the caudal colliculi in the rabbit (Bensley 2009 ), dog (Meyer 1964) , calf (Schmidt et al. 2009 ), donkey (Oto & Haziroğlu 2009) and camel (Adogwa 1985; Mensah-Brown & Garey 2006) , while the caudal colliculi are bigger than the rostral colliculi in the pig (Getty 1975) and cetaceans (Marino et al. 2003) . McFerland, Morgane and Jacobs (1969) reported that the caudal colliculi are enlarged in species using ecolocation. This implies that the acoustic system of this nocturnal rodent may be more efficient than the visual system.
The present study shows a well-developed vermis in the cerebellum of the African giant pouched rat, which is indicative of good motor coordination and balance. Despite the greater brain weight of the African grasscutter relative to that of the African giant pouched rat, as reported by Nzalak et al. (2008) , the cerebellum weighs relatively more in the African giant pouched rat than in the African grasscutter. The authors recorded a relative weight of 14.0% and 12.5% in the cerebellum of the African giant pouched rat and African grasscutter, respectively. The authors also reported a relatively higher cerebellar length in the African giant pouched rat (23.0%) than in the African grasscutter (20.3%). Thus, the cerebellum of the African giant pouched rat is more developed than that of the African grasscutter, which may confer more-efficient motor coordination and balance in the African giant pouched rat than in the African grasscutter.
The pons in the African giant pouched rat, as observed in the present study, is small. According to Masdern and Rowland (1965) , the relative sizes of the pons indicate the functional significance of the cortico-pontine and striatopontine pathways. They also reported that the pons increases in size and complexity, reaching maximum development in primates. This progressive phylogenetic increase explains the inconspicuous pons observed in the study, as rodents are among the first orders of the eutherian mammals (Parker & Heswell 1974) . Masdern and Rowland (1965) reported that the pons is post-trigeminal in monotremes and pretrigeminal in marsupials and most species of lower eutherian orders. This is in agreement with the present study in which the pons of the African giant pouched rat, a lower eutherian order, is pretrigeminal.
The macroscopic appearance of the myelencephalon of the African giant pouched rat in the present study is similar to that of other rodents, but with slight variations. Potter and Brueck (1958) reported that the medulla oblongata in the guinea pig is almost completely covered by the cerebellum. This differs from the result obtained in the present study for the African giant pouched rat in which the cerebellum covered only the rostral part of the myelencephalon. The most striking observation of the myelencephalon in the present study was the absence of distinct cuneate fascicle, dorsal lateral sulcus and dorsal intermediate sulcus on the dorsal surface and the presence of macroscopically visible structures on the ventral surface. Thus, the ventral surface of the myelencephalon may be more developed than the dorsal surface.
In the present study, olivary prominence was observed on the ventral surface of the medulla oblongata in the African giant pouched rat. Marsden and Rowland (1965) reported that olivary prominence is absent in Artiodactyla; but highly developed in primates, especially man. Ghaji (1983) and Adogwa (1985) reported the absence of this prominence in the camel (an Artiodactyl). The presence of the olivary prominence in the present study contributes to the good motor coordination and balance in the African giant pouched rat.
The present study showed that pyramids are macroscopically visible on the ventral medulla oblongata of the African giant pouched rat. Voogd (1998) recorded inconspicuous pyramids in ungulates. The macroscopically visible pyramids are important in fine motor control of the distal limbs (Jennings 2004) . Therefore, the ability of the African giant pouched rat to maintain balance only on the hind limbs for a reasonable time, especially when fighting, may be a consequence of the developed pyramids that control motor impulses to the hind limbs.
Conclusion
The present study has provided some useful information on the macroscopic appearance of the brain of the adult African giant pouched rat in relation to its functions. The study will be of benefit in understanding some of the behaviours of the rodent, which are necessary for its domestication.
